Background: There is a lack of knowledge about how the provision and availability of specialized palliative care relates to the quality of dying in hospital and community-based settings. Aim: We aimed to explore the quality of care during last week of life in relation to different levels of palliative care development. Design: We investigated access to palliative care in Southern Sweden, where one region offers palliative care in accordance with European Association for Palliative Care guidelines for capacity, and the other region offers less developed palliative care. Data on approximately 12,000 deaths during 2015 were collected from the Swedish Register of Palliative Care. The quality of care was investigated by region, and was measured in terms of assessment of oral health and of pain, and end-of-life conversation, companionship at death and artificial nutrition/fluid in the last 24 h. Results: The overall quality of care during last week of life was not consistently better in the region with fully developed palliative care compared with the less developed region. In fact, for patients dying in hospitals and community-based settings, the quality was statistically significantly better in the less developed region. The small proportion of patients who had access to specialized palliative care had superior quality of care during the last week of life as compared to patients in other care settings.
• • The European Association for Palliative Care has established guidelines for the provision for specialized palliative care (PC). • • Specialized palliative in-patient and home care does benefit patients, especially those with cancer.
What this paper adds?
• • The study demonstrated that the overall quality of care during last week of life in a region with fully developed PC capacity was not consistently better compared to a less developed region. • • For patients dying in hospitals and community-based settings, the majority of quality indicators scored significantly better in the less developed region.
Introduction
There is an increasing discrepancy between the need for and supply of palliative care (PC). It is likely that about 69%-82% of people dying in high-income countries would benefit from PC. 1 There has been a significant change in the place of death, from the hospital and home to nursing homes, between 1987 and 2011, as reported in a recent Norwegian study. 2 The trend has been mainly due to the ageing of the population and epidemiological changes, with increased mortality due to cancer and dementia and a decrease in circulatory diseases. 2 A similar pattern by 2040 has been predicted for the United Kingdom. 3 According to Gómez-Batiste et al., 4 'the current response to these challenges is largely specialized palliative care'. PC is traditionally described as general when provided by hospital units, general practitioners (GPs), district nurses, or care home staff, and specialized when provided by teams of professionals specifically trained in PC. Specialized PC may be provided in dedicated in-patient settings (e.g. hospices), home care settings and by hospital support teams. 5 Most research on the benefits of PC for patients and families has been conducted in the context of specialized PC, where mounting evidence suggests that specialized PC does significantly improve patient outcomes in terms of quality of life and general symptom burden, 6 pain, anxiety and reduced hospital admission, 5 and patient and caregiver satisfaction with care. 6 Improved experience of security when cared for by palliative home care teams has also been reported. 7 However, and importantly, there is a lack of population-level studies investigating the provision and availability of specialized PC in relation to the quality of care in last week of life in other care settings, such as hospitals and community-based settings, including long-term care facilities. Despite these uncertainties, there have been many attempts and plans to implement specialized PC in Sweden and internationally without in-depth knowledge of the effectiveness and impact of different models of services and skill mixes within teams. 5 Furthermore, evaluations of PC provision nationally 8 or internationally, such as the European Association for Palliative Care (EAPC) Atlas of Palliative Care in Europe 9 and the '2015 Quality of Death Index', 10 point out important differences in the provision and availability of PC at a population level, for example, in national-level policies and guidelines, community awareness and engagement and integration of PC into existing health care structures. A recent review of reviews concluded that further primary studies are required that assess models of care. 11 
Aim
In accordance with social dynamics and the concept of critical mass, it is assumed that fully developed PC with broad availability within a region would spill over to care of the dying in community-based settings and hospitals in that region. The primary mechanism for this would be that the patients with the most complex needs would be referred to specialized PC, thereby leaving more resources to the remaining patients. Other mechanisms include outreach activities/consulting, and educational activities by the specialized PC units towards the community-based settings and hospitals. Furthermore, it cannot be excluded that if enough staff, patients and policy makers adopted the principles and attitudes of PC, that is, a PC approach, this would spread throughout the care services through informal knowledge and awareness dissemination. 12 The aim of this study was therefore to explore the overall quality of care during last week of life in relation to the level of PC development in different regions.
Methods

Organization
Southern Sweden has a population of about 2 million 13 and consists of four counties: Skåne, Blekinge, Kronoberg and Halland. Within this area, we investigated access to PC. We obtained data relating to the health care organization and resources through structured interviews with the health care official responsible for PC in each of the four counties. Questions were sent beforehand, in order to facilitate well-researched answers. These interviews were performed, during the spring of 2016, by one of the authors (B.S.) with extensive experience in health care evaluation. The results were thereafter structured and summarized. Each official reviewed the findings and had opportunities for correction. The resulting report was presented to the governing organ of Health Care of Southern Sweden and is available online (in Swedish). 14 Once the report was finalized, the information was used to judge the level of PC in each county with the goal to classify each county as having fully, or less, developed PC. In this study, we use the concept of 'fully developed palliative care' to conceptualize the EAPC White Paper guidelines for PC services: one home care team per 100,000 inhabitants, one hospital support team per 250 beds and inpatient PC services with 50-100 beds per 1,000,000 inhabitants. 12, 15 The collected information resulted in the classification of one region, covering one county, as having fully developed PC and another region, covering three counties, as having less developed PC. This classification also corresponds to availability of around the clock (24/7) services, 16 which was only present in the fully developed region. During the study period, the EAPC White Paper guidelines 12, 15 in relation to outreach activities/consulting and educational activities by specialized PC towards the community-based settings and hospitals were in an initial stage of development. The majority of referrals to specialized PC were from hospital medical specialists. Few referrals were from GPs and the organization did not allow for self-referrals. Shared care or triage did rarely occur.
As described in Table 1 , the regions with fully and less developed PC were significantly different regarding organizational resources. The region with fully developed PC had an autonomous organization led by a manager while the PC in the less developed region was delivered by a hospital clinic (surgery, oncology or internal medicine). The fully developed PC service also had larger capacity in terms of in-patient PC services, home care teams and hospital consultations, and a number of health care workers of all categories including palliative physicians and nurses available around the clock. The less developed region differed substantially in terms of services. Only one county had in-patient beds for specialized PC and these were integrated with another department. Two counties carried out specialized PC in the patient's home in close collaboration with nurses from the municipality and one had hardly any home care. One had almost purely consultative activities, while these were almost absent in another. In terms of general characteristics, the fully developed region has approximately twice the population compared to the less developed region and is more urbanized. Income and education level are largely similar in the two regions, as is the proportion of the population that are >70 years of age.
Patient population
To compare the organizational definitions of fully and less developed PC with the resulting quality of care in each region, we collected information on patients from the Swedish Register of Palliative Care (SRPC). 18 The SRPC started in 2005 and by 2015 had a national coverage of 66%, but with the final aim to include all dying people, regardless of diagnosis and care settings. 19 The SRPC is based on an end-of-life (EoL) questionnaire 20 inspired by the 11 principles constituting a good death and dying from British Geriatric Society guidelines. 21 The EoL questionnaire contains 30 questions out of which one is a structure, eight are process and eight are outcome indicators. Altogether, Numbers are given per 100,000 inhabitants.
Information on the population of the two regions collected from Statistics Sweden. 17 they concern the quality of care primarily during the last week of life. The questionnaire is completed by the health care professionals after the death of a patient. For questions on symptoms, the SRPC does not specify which assessment tool should be used, or otherwise specify the circumstances of the assessment. We requested SRPC data on all patients reported to the register who died during 2015 in Southern Sweden. 19 With an intent to select the most clinical relevant indicators, an outcome set of five quality indicators from the SRPC were chosen in consensus (before analysis) by a palliative multi-professional expert group within the region of Southern Sweden, including the authors. The five quality indicators selected were assessment of oral health, assessment of pain, EoL conversation, companionship at death and artificial nutrition/fluid in the last 24 h. The first three indicators are included in the Swedish National Quality Indicators for Palliative care. The indicator of companionship at death reflects the negative connotation of dying alone and a general fear of a bad death. 22 The withholding of artificial nutrition/fluid in the last 24 h is perceived as good clinical practice and as a relevant quality indicator for care of the dying in Sweden. 23 
Analysis
The statistical analysis was descriptive. For each of the chosen indicators, we calculated the proportion of patients with the negative outcome (lacking oral health assessment, lacking an EoL conversation, lacking pain assessment, lacking companionship at death, having artificial nutrition/fluid in the last 24 h of life). The proportion of patients with each indicator outcome was tested with chi-square test with 0.05 as the alpha level. All analyses and data management were performed in SAS version 6.1 (SAS Institute, Cary, NC, USA).
Swedish law requires permission from an ethical review board before any research is initiated, if it includes personal data with information that can be linked back to the person. However, when a person is deceased, the data are no longer classified as personal data in the legal sense and are thus no longer covered by the ethical review board mandate and are not protected. The data delivered from the SRPC were de-identified.
Results
During 2015, a total of 11,996 patients from Southern Sweden were entered in the SRPC, 19 which corresponds to 67% of the deceased in the study area for that year. After excluding 1891 patients whose death was unexpected and for whom the register had therefore not requested data, our analysis dataset consisted of 10,105 patients. Their mean age was 82 years and 54% were female. Altogether 6402 (63%) of all deaths occurred in the region with fully developed PC, while 3703 (36%) occurred in the region with less developed PC. In total, 1994 (20%) were reported as having died in specialized PC (at home or at the in-patient unit), while 4752 (47%) died in communitybased settings and 3359 (33%) in hospitals. Table 2 shows a comparison between the region with fully developed PC and the region with less developed PC regarding the five chosen indicators of quality of care. There is no consistent pattern of PC overall being of higher quality in the fully developed region. Only two of the five indicators, artificial nutrition/fluid in the last 24 h of life (15.3% vs 17.7%) and not having an EoL conversation (38.7% vs 43.2%), scored better in the fully developed region. By contrast, the proportion of patients lacking an oral health assessment and lacking a pain assessment was very similar between the two regions, and the proportion of patients lacking companionship at death was lower in the less developed region (14.9% vs 16.5%).
Moreover, the quality of care during last week of life in the community-based settings was higher in the less developed region compared with the fully developed region for all indicators except artificial nutrition/fluid in the last 24 h of life. These differences were statistically significant. Also, for three of the five indicators (oral health assessment, pain assessment and having an EoL conversation), the quality of care during last week of life delivered in hospitals was statistically significantly higher in the less developed region than in the fully developed region. For the remaining two indicators (companionship at death and artificial nutrition/fluid in the last 24 h of life), there was no statistically significant difference.
In Table 3 , the analysis was restricted to the fully developed region (N = 6402). Table 3 compares quality of care during last week of life in specialized PC units versus community-based settings and hospitals. For all indicators (except companionship at death), the specialized PC unit delivered higher quality of care, that is, the proportion of patients lacking good quality care was statistically significantly lower. Regarding companionship at death, there were no statistically significant differences between community-based settings and specialized PC.
In Table 4 , these results were stratified by whether the cause of death included cancer. With regard to the proportion of patients lacking an EoL conversation, pain assessment and/or companionship at death, the PC of patients with cancer was of higher quality in specialized PC and hospitals. In community-based settings, patients with cancer had better quality of care regarding EoL conversation and pain assessment compared to patients without cancer. Oral health assessment and artificial nutrition/fluid in the last 24 h of life were not statistically significantly different for patients with versus patients without cancer, in any of the care settings.
We further investigated the proportion of patients with high quality of care in specialized palliative in-patient care compared with specialized palliative home care. For three of the five quality indicators: EoL conversation, pain assessment and companionship at death the home setting performed better, while for artificial nutrition/fluid in the last 24 h, the proportions were similar. Finally, the proportion of patients lacking oral health assessment was statistically significantly lower in the in-patient setting (data not shown).
Discussion
Through data from the SRPC register, we are able to provide a comprehensive understanding of the quality of care during the last week of life independently of care models and settings. The results dismiss our assumption that fully developed PC capacity with broad availability within a region would spill over to care of the dying in community-based settings and hospitals in that region. Actually, the overall quality of care during last week of life in the region with fully developed PC (i.e. meeting the EAPC guidelines regarding capacity 15 ) was not consistently better compared with the less developed region. In fact, when looking specifically at patients dying in hospitals and community-based settings, the majority of the quality indicators scored significantly better in the less developed region, compared with the fully developed region. In the region with fully developed PC, patients dying in specialized PC had a higher level of quality of care compared with those dying in non-specialized PC settings. This result is consistent with the international literature reporting, specifically for patients with cancer, that specialized palliative in-patient and home care does benefit patients. 5, 24 Finally, we showed that the known difference in quality of care during the last week of life between patients with and without cancer mostly holds true in all care settings and can thus not be explained by the higher probability of patients with cancer receiving specialized PC.
One likely explanation for lack of spill over effect of a fully developed specialist PC capacity could be the developmental stage of outreach activities including consultation and educational activities by specialized PC towards the community-based settings and hospitals. Despite the evidence that early access to PC benefits patients and families, 24 referrals to PC are still limited to the terminal phase of illness. 25 Thus, as our findings showed, capacity in and of itself was insufficient to promote improvement at the population level. This indicates the necessity of outreach activities. Here, improvements have been shown when specialist PC was integrated into existing practice through interdisciplinary teamwork, 24, 26 palliative consultations 4, 24 and palliative rounds. 27 Since palliative medicine recently has become a formal speciality in Sweden, a model for cooperation between specialized palliative medicine and other specialties is of importance as has been emphasized in other countries in the corresponding situation. 28 Educational activities including not only health care students and professionals but also patients, families and the public are necessary. Improvements have been reported on patient-level outcomes, 29 for example, in relation to education about prognostic awareness and EoL discussion about goals of care and understanding of the illness. 29, 30 Last but not least, activities are needed to improve people's preparedness for encounters with death, dying and mourning and be able to request quality EoL care. To reach this goal, clinical models of PC need to expand and include ideas from a public health perspective. 31, 32 In PC over 300 quality indicators have been described, covering all domains conceptualizing quality in PC. 33, 34 This variation in outcomes measures may contribute to why PC research has failed to inform clinical practice [35] [36] [37] and also hinders meta-analyses. 11 The SRPC is one of the few registries including quality indicators relevant to the last week of life 19 and is the only registry collecting national patient outcome measures outside specialized PC. 20 The five quality indicators chosen in this study cover different important clinical aspects of care during last week of life: oral health assessment brings up aspects of quality nursing care. EoL conversation addresses patient and family participation. Assessment of pain reflects one of the core elements of symptom control in PC and is relevant to almost all patient groups. Companionship at death brings up both the social and existential dimensions of quality of care. However debated, 38 the final indicator, artificial fluid during the last 24 h, is a salient medical issue and mirrors patient/ family/health care staff communication. Of note, three of the quality indicators, assessment of oral health, assessment of pain and having an EoL conversation, are process indicators rather than outcome indicators. [39] [40] [41] [42] The major strengths of this study are the populationbased setting, the large and recent (2015) data material and the fact that these data resulted from a real-world setting, as opposed to a trial. We believe that with a health care system such as the Swedish, which is tax-based and strives to provide equal access to health care, generalizability of the findings is good, as the health care organization rather than the resources of the patients themselves determine access to PC. All indicators were reported by health care professionals, which is likely to have decreased information bias and thus to have increased the validity of the results. We also note that the two compared regions are similar in terms of socioeconomic factors and proportion of elderly in the population. If the fully developed region's slightly higher affluence affected our results, it would have been in the direction of higher quality of care in this region, which is the opposite of what we found.
Research findings can, however, never be better than the source of the data, which makes it relevant to bring up potential weaknesses of the SRPC, whose coverage is only 67% of all deaths in the studied geographical area and period. It cannot be excluded that the care units that choose to report to the register have a better quality of care than the units that choose not to report, while the opposite seems unlikely. Furthermore, a weakness of the SRPC is the risk for incorrect reporting of place of death. For example, a patient in a nursing home who receives care from a specialist palliative consultant may be reported as having received specialist PC. The proportion of patients misattributed like this is estimated by the SRPC to be 7.5% for 2015.
The results of this study are novel and as such should be regarded as preliminary until replication studies in other populations can be conducted. However, as pointed out by Brereton et al., 11 in order to do such studies methodological obstacles as well as terminology needs to be taken into account. Furthermore, we note that when investigating factors with many potential effects, such as the organization of health care, we expect these effects to go in different directions. Thus, several true differences may even out and lead to an overall result of no difference. In addition, relatively few patients are cared for in specialized PC, which leads to decreased power to detect true differences.
Implications
Regarding the optimal organization of PC, our results suggest that an alternative strategy to a sole focus on specialized PC capacity can be equally successful in creating quality of EoL care. With the goal to increase availability and quality of PC, future development must include specialized PC outreach activities (including, for example, PC consultations, rounds and education) and providing PC early and through the use of screening tools to identify patients with unmet needs. 43 Furthermore, a readiness and motivation from hospitals and primary care to accept and integrate new knowledge and skills is needed. The future development could thus include an emphasis on improvement of general palliative home care, in terms of around-the-clock staff availability and increased competence in effective symptom control and skilful communication, as suggested by Sarmento et al. 7 Our results also emphasizes and is in line with previous advocacy for improvements on a population level. 31 One important topic for clinical development and future research will be to identify effective mechanisms to facilitate knowledge transfer from specialist to general PC.
In conclusion, in this large population-based study, we showed that meeting the EAPC recommendations for fully developed PC capacity did indeed improve quality of care for the small proportion of patients with access to specialized PC; however, there was no effect for the vast majority of patients dying outside specialized PC.
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